In former socialist countries, urban districts having the lowest building and insulation quality and the highest district heat consumption overlap with low-income and older households, creating a problem of energy poverty and a significant barrier to renovation of multi-flat buildings. Thus, the main challenge centers on fuel poverty in an aging society. This paper analyzes the main barriers to renovation of multi-flat buildings and assesses policies and measures to promote renovation of multi-flat buildings in terms of overcoming these barriers in former socialist countries which are currently EU Member States. Furthermore, it presents a new conceptual framework for developing innovative policies and schemes to promote renovation of multi-flat buildings in the face of the renovation barriers outlined above. The Energy Company Obligation (ECO) model or on-bill financing models can be modified and applied to renovation of multi-flat buildings, based on the UK example. Higher payments for utility bills can be shared among households living in multi-flat buildings that require renovation. As in the case of subsidies for communal services, life-line tariffs can be applied to pay for Energy Company Obligation services. This enables sharing the costs of renovation among apartment owners having different incomes and addresses the principle of social justice.
Introduction
Energy efficiency improvements in building stock is the most important measure to reduce greenhouse gas emissions, because buildings consume more than 40% of the final energy budget in the EU [1] . However, while energy savings in buildings have huge potential, especially in Central and Eastern Europe with its large stock of old and poorly constructed multi-flat buildings, the process of refurbishment is very slow [2] . Renovation rates in all European Union are estimated to be about 1% per year [3] .
Reducing energy consumption of existing buildings and achieving nearly zero energy buildings (NZEBs) are the core of the Energy Efficiency Directive (EED) and the recast of the Energy Performance of Building Directive (EPBD). To comply with these requirements, EU Member States have to adopt actions to exploit energy savings from the building sector [3, 4] . Various policies and measures have been developed and implemented in EU Member States to achieve NZEBs, some of which are innovative enough; however, they cannot solve the problems which hamper fast renovation of multi-flat buildings that have the highest energy-saving potential in new EU Member States from Central and Eastern Europe former socialist countries [5] [6] [7] [8] [9] [10] .
Therefore, this paper focuses on former socialist countries and current EU Member States which have inherited from their socialist past similar problems linked to old and inefficient residential buildings stock [11] . In order to create viable policies to promote renovation of multi-flat buildings, it is important to understand the perspectives of both building owners and institutional investors in order to put in place the most appropriate economic instruments to catalyze the market [12] . Most energy investments in buildings will be made with the building owners' money. On other hand, governments can support and stimulate such decisions with grants, but public funds can only cover a small part of the necessary investment. Other measures may be relevant and even more necessary. Many of these relate to how decisions are made by residents. The main gaps in implementing energy efficiency improvements in multi-flat buildings are linked to the bounded rationality of apartment owners in multi-flat buildings, to organizational problems and high transaction costs, and to imperfectly functioning markets within renovation supply chains. In addition, there is little research on the demand side of multi-flat house renovations and their barriers, especially in post-soviet countries.
Existing studies on energy efficiency improvements in buildings have highlighted a number of technical, organizational, economic, financial, and behavioral barriers that hinder renovation of multi-flat buildings [13] [14] [15] [16] [17] . These barriers are especially difficult to overcome for owners of apartments in multi-flat buildings in shrinking and aging communities in post-soviet countries [18] . For example, there are communities in the EU, especially in new member states, that are facing steep declines in birth rates, out-migration of young households, and large stocks of poor-quality, energy-inefficient multi-flat buildings. Therefore, in cities and communities with high concentrations of older residents, "empty-nesters" are often a major impediment to renovation of multi-flat buildings [19] .
Several studies report that apartment owners older than 70 years exhibit much lower renovation intensity compared to younger residents [11, 20] . In Slovenia, for example, Zoric et al. [20] found that the likelihood of implementing retrofitting of multi-flat buildings is negatively affected by the age of the apartment owner. The inconvenience and disruption created by renovation activities are other important factors explaining the reluctance of apartment owners to undertake renovation activities in their homes [21] . Retired flat owners encounter an additional barrier because the flats are no longer passed down to family members, since the grown children have dispersed and do not plan to return home [11, 12, [21] [22] [23] [24] [25] [26] . Contributing to fuel poverty, districts having the lowest building quality and the highest heating consumption often overlap with households whose occupants are older, retired, and low-income [27, 28] .
Finally, an under-studied problem is the failure of owner-occupants of old, multi-flat buildings to achieve agreement on renovation. This is because, although decision making is a relatively simple process in the case of single owners of residential buildings, it is significantly more complicated when owners are, unintentionally, dependent on each other or have opposing interests [12] . This is a significant problem for schemes aimed at modernizing and improving energy efficiency.
The present paper analyzes the policies and measures enacted to promote renovation of multi-flat buildings in EU member states and assesses them in terms of solving the energy poverty problem of aging societies. The paper's main contribution is its presentation of a new conceptual framework for developing innovative policies to promote renovation of multi-flat buildings and address the barriers to renovation linked to aging populations and fuel poverty.
The first section, based on a literature review, identifies the main barriers to renovation of multi-flat buildings and emphasizes the fuel poverty problem of aging societies; the second section reviews and critically assesses policies and schemes used to promote renovation of multi-flat buildings, taking into account the main barriers to renovation; the third section presents a new conceptual framework for developing innovative policies and measures to overcome the identified barriers.
Methods
The critical review of recent scientific literature in the field of energy renovation of multi-flat buildings is the main method applied in this review paper. The applied method in this paper consists of the following steps (Figure 1 ): Analysis and identification of the main barriers of energy renovation in multi-flat buildings in former socialist countries that are current EU Member States; Assessment of policies and measures to promote energy renovation of multi-flat buildings in terms of addressing the identified main barriers; Development of the support framework for energy renovation in multi-flat buildings to overcome the main barriers of energy renovation in former socialist countries that are EU Member States; Development of policy implications; Recommendations for future research. Therefore, the main criteria for assessment of policies to promote energy renovation of multi-flat buildings is their ability to overcome the most important barriers of energy renovation of multi-flat buildings in former socialist countries that are EU Member States. The strength of applied approach is simplicity and application of both qualitative and quantitative data assessments. The limits are mainly linked to subjectivity of applied approach.
In the following Section 3 the results of critical literature review are presented.
Results

Barriers to Renovation of Multi-Flat Buildings
In designing policies and measures aimed at promoting renovation of multi-flat buildings, it is necessary to understand why many households are not currently active in this process. Although there are no comprehensive studies in the EU which directly ask people their opinions on the main obstacles to renovating their houses, there are many papers dealing with the barriers to renovation of residential buildings.
The term "barriers to renovation of multi-flat buildings" is based on the concept of an energy efficiency gap [13, 29, 30] meaning that investments in energy efficiency are considerably lower than what is desirable according to social, economic, environmental, and technological optima. This concept has been widely applied to define the main obstacles to renovation of residential buildings faced by households, societies, and countries.
Itard et al. [31] identified the main barriers to renovation of residential buildings as being a lack of necessary knowledge and appropriate information and a lack of funding and cost-effective retrofitting schemes. Empirical studies within households living in older, poor-quality, inefficient buildings revealed a wide variety of reasons for not undertaking renovation work and showed a wide range of interrelated barriers to renovation: household values and preferences; high cost; poor organization; lack of time; inconvenience; poorly skilled, unreliable, or costly professionals; lack of information about actual savings and benefits; difficulties in reaching a decision by all apartment owners in multi-flat buildings [32] . In a comprehensive study conducted in five European countries, similar barriers to renovation were defined: lack of information on energy savings and anticipated energy savings; high costs; poor policy incentives and often-changing state policies and promotional instruments [33] . EST [34] conducted research among non-renovating apartment households and found the following barriers to renovation: lack of timely and relevant targeted information and awareness; poor motivation; high inconvenience; and low affordability. The same findings were obtained in other other studies [35] [36] [37] [38] [39] [40] .
Some studies analyzed drivers of residential housing renovation. For example, interviews with householders about motivation for renovation indicated different reasons for renovation [36, 37] . Motivations are linked to the context in which people find themselves [38] . For example, in countries like Germany [29] , which have strong policies to support eco-renovation by providing low-interest loans and generous grant funding, the motivations for renovation are different than in post-soviet countries such as Russia or Lithuania [29, 37] . Usually the most important issue in all countries is thermal comfort and savings due to energy consumption reduction [29] [30] [31] [32] [33] 35, [41] [42] [43] .
Several groupings of barriers to renovation of residential buildings have been identified in various studies. Jensen and Maslesa [17] divided renovation barriers for residential buildings into internal barriers linked mostly to the inertia of building owners, and external barriers associated with lack of resources, knowledge, solutions, and agreement among households in the same multi-flat apartment.
The Better Buildings Partnership [44] categorized barriers to residential housing refurbishment into several main areas:
• Commercial barriers or market failure to provide investment in renovation and the inherited split incentives between owners and tenants.
• Barriers in the process of renovation, as there is no defined process on how to designate individuals with the responsibility and authority to identify, plan, and implement renovation of multi-flat buildings.
•
Financial barriers linked to the problem of access to and availability of capital funds for the apartment owner, occupier or third party.
Technology barriers linked to lack of knowledge of available renovation options and other issues associated with implementation of specific renovation activities.
Policy barriers related to the lack of effective regulation to stimulate the uptake of renovation activities.
A study by Uihlein and Eder [15] identified the following barriers: uncertainties linked to cost-effectiveness; financial barriers; lack of information and skills; high transaction costs and organizational problems; and context-dependent barriers.
Uncertainties linked to cost-effectiveness are based on the problem that, although cost-effective solutions can be defined and accordingly assessed in specific cases, it does not necessarily follow that the same benefit will be achieved for all types of similar investments in renovation [12, 13, 15, 27, 45, 46] . This is because there is too much conflicting data on the costs and benefits of renovation of multi-flat buildings, often resulting in mistrust of the information [13, 15] .
Financial barriers are also very important in the context of investment decision making in renovation of residential buildings [15, 27, 45] . Several studies defined the up-front costs as a main barrier to renovation of residential buildings. Other important financial barriers are lack of monetary savings, lack of financial resources [39] , and reluctance of low-income and older segments of the population to take out loans [42] . Regarding the landlord/tenant dilemma, both the ability of tenants to pay the rent and their ability to stem the up-front investments of landlords are often directly related to the level of household incomes [11] . Stiess et al. [42] reported that apartment owners with incomes below €1500 per month are less likely to renovate their apartments compared to owners with incomes greater than €1500 per month. A study by Zoric et al. [20] found that apartment owners older than 70 years exhibit a lower willingness than younger owners to engage in renovation of multi-flat buildings. The authors showed that the likelihood of implementing retrofitting of multi-flat buildings is negatively affected by the age of the apartment owner [21] .
Moreover, apartment owners apply simple "rule of thumb" calculations for decision making in energy efficiency improvement and select measures having such short-term payback periods [14] .
In addition, some apartment owners have limited access to capital or a high cost of borrowing due to low expected incomes and experience in debt default, or sometimes they are not willing to incur debt, for personal reasons. Low and uncertain property values are also important barriers to renovation of multi-flat buildings, as owners who anticipate selling their property in the future may not feel encouraged to renovate their property.
Apartment owners who do not monitor energy consumption in their buildings are reluctant to make any effort to obtain information or learn about energy renovation possibilities and benefits [3, 5] . In addition, there is a lack of experts and resources in the market to deliver this information to consumers.
Logistical barriers include a lack of skilled energy renovation service providers in the market [15] . In addition, there are significant switching costs linked to any change.
Organizational barriers are linked to renovation decision making on a common property, referred to as the principal-agent dilemma [46] . Regarding the owner-occupier dilemma, which is widely described in the scientific literature, lack of knowledge, information and funding are the main barriers preventing private investment in energy renovation, as tenants will not profit from the investment made in rented buildings, and landlords do not derive benefit from the warmer apartments and energy cost savings, as it is the tenants who pay the energy costs [14, 33, 39, [47] [48] [49] [50] .
The problem of collective decision making linked to multi-flat housing is the most difficult to solve [16] . It is more relevant in cases where the building has a mixture of occupants: part owner-occupants and part tenants. Elderly people or tenants who are expecting to move soon are not eager to engage in renovations. Energy renovations entail considerable disruptions and can be very stressful, especially for elderly persons accustomed to their daily routines. In multi-flat buildings with mixed households, organizational problems may gain even more significance. A short decision time-frame is also an important organizational barrier. The main barriers and measures to overcome these barriers are generalized in Therefore, it is necessary to highlight that the most important problem and barrier to renovation of multi-flat buildings is linked to difficulties of owner-occupants in reaching a collective decision on renovation [12] . This is a problem that has so far received very little attention in the pertinent scientific literature, despite having been highlighted as one of the most critical barriers for multi-flat buildings in several studies [12, 18, 51] . Usually, decision making is quite simple if there is a single owner of the building, but it is very complex if there are multiple owners dependent on each other and who are forced to agree and render a common decision on energy retrofitting of their multi-flat building. The decision-making barriers on energy investments in owner-occupied multifamily buildings are especially acute in post-soviet countries because these types of residential buildings comprise the largest building stocks, even in new EU member states (Lithuania, Latvia, Estonia, Romania, Bulgaria, Hungary, Slovak Republic, Czech Republic, Croatia). In these countries, decisions on energy renovations of multi-flat buildings require the agreement of the majority of residents of the building, and collective decisions are difficult to make since the residents are very different and sometimes have quite conflicting interests. Most residents of multi-flat buildings are not informed about energy renovation options or their costs and benefits as they do not attend residents' meetings. Some owners are afraid that if they sell their apartment, the renovation costs won't be recovered in the sale price [52] . Making decisions on energy renovation can take several years and requires numerous meetings and discussions between residents of multi-flat buildings [12] . The age structure, family size, and income of apartment owners in multi-flat buildings are of major concern [23] . Residents of the same building often have different incomes, as the majority of multi-flat buildings in post-soviet countries have very different apartment sizes, varying from one room to five rooms in the same building. The elderly and persons living alone typically are unwilling to renovate and make any changes [51] , due to low incomes and empty nest syndrome. Based on Weinsziehr et al. [18] , all households with adults older than 45 and without children are classified as potential empty nests.
Energy poverty is closely linked to an aging demographic and vulnerability of retired persons living alone. Districts with the lowest building quality and insulation have the highest heat consumption and are inhabited by low-income and older households [18, 28] . Energy poverty is the term used for households which are unable to afford socially and materially necessitated levels of domestic energy services: heat, hot water, electricity [18, [53] [54] [55] . Due to increasing energy prices and low household incomes linked to an aging society in post-soviet countries, the energy poverty problem is becoming more and more severe. Low-income households tend to live in less energy-efficient, poorly insulated buildings as they cannot afford better housing or renovation upgrades [54] . This makes low-income households spend a larger share of their income on energy services compared with high-income households, especially in post-soviet countries [56] , and increases energy poverty. Even in developed EU economies such as Germany, the problem of energy poverty has increased in recent decades. The energy poverty rate among the German population increased from 12% to 18% during the period 2000-2010 and energy prices increased sharply during that decade, creating an even greater energy cost burden for the lower-income population [18] . This issue of energy poverty is mainly attributed to post-soviet legacies-As low-income households living in low-efficiency, district-heated multi-flat buildings are trapped, because changing the supplier or fuel is not possible due to existing legal and technical constraints. Disconnection of individual households from this system is not allowed because it would cause a sharp increase in the price of heat for all other consumers who remained in the system. Thus, households do not have any options to individually reduce their heating costs, a situation which leads to payment delays, indebtedness, and reduced consumption of food and other necessary goods [27] .
In view of the differences among apartment owners in the same building in terms of age, income and other characteristics, one can notice that it is very difficult to reach a decision concerning renovation, especially if this decision requires approval of a large majority of apartment owners, for example 67% in Romania [57] and Bulgaria [12] , 75% in Germany and Czech Republic [23] .
According to Heiskanen et al. [58] , most EU member states typically require assent from more than 50% of apartment owners (Austria, Finland, France, Spain, Italy).
Various categories of barriers to renovation of multi-flat buildings are overlapping and mutually reinforcing. There are many risks and uncertainties associated with energy renovation, and apartment owners may incur even higher risks for new solutions than the risks of the status quo, given the fragmented and underdeveloped market for energy renovations and associated financial services. Most significantly, these barriers to energy renovation of multi-flat buildings, or the reasons for inaction, are multiple and interrelated, depend on household type, and vary over time. In addition, in the EU, the aging society, fuel poverty and shrinking cities create what Rittel and Webber [59] referred to as a 'wicked problem'. 'Wicked problems' are problems of high complexity which usually cannot be solved by linear solutions alone and require innovative ways and packages of policies and measures (e.g., [60] ).
Considering the high complexity of this wicked problem, this paper analyzes policies and measures to promote renovation of multi-flat buildings, taking into account the barriers identified above and the suitability of the policies and measures in place to overcome these barriers.
Assessment of Policies and Measures to Promote Renovation of Multi-Flat Buildings
Renovation of multi-flat buildings is the main measure to increase energy efficiency in residential buildings and deliver important energy savings to households. The energy demand in buildings can be reduced by increasing the energy performance of residential buildings through improvements in thermal envelope function and the installed heating system. The present paper focuses on policies and measures to promote energy-efficient renovation of multi-flat buildings, which is the main problem of many post-soviet countries, especially in cool climate zones.
A review of the most important measures for motivating apartment owners to implement energy-efficient renovation of residential buildings shows that these measures have brought only limited success in most countries (Germany, UK, Denmark, US, Japan) where such studies were conducted [23] [24] [25] [61] [62] [63] [64] [65] [66] [67] .
The main measures to promote renovation of multi-flat buildings can be grouped into the following five broad classes: (1) information and advice; (2) energy and CO 2 taxes; (3) financial incentives; (4) access to capital; and (5) minimum standards.
Information and advice play an important role in supporting consumers in the face of information failures. Due to incomplete and asymmetric information [30] , high uncertainty, and high hidden costs, apartment owners are reluctant to undergo renovation of multi-flat buildings. Programs providing information and advice have had varying results but have not been fully able to facilitate and reinforce renovation of multi-flat buildings. Though energy certificates and labels have been developed to support households in making the right decisions by providing reliable information at no cost, they also seem to be an effective signaling device that is capitalized into home prices. For EU member states, energy performance certificates (EPC) are mandatory for buildings and must be shown to prospective renters and buyers; however, the new literature on energy labeling effectiveness in the EU concluded that energy labels are not being widely applied by customers in various EU member states as homeowners in general feel that energy performance certificates provide only very general and trivial information, i.e., that the labels do not provide any new recommendations that the homeowner would not have expected him/herself [62] .
Feedback programs are also an important advice measure. Energy audits are useful as they can ensure provision of personalized information about energy consumption reduction potential in apartments; however, the empirical results show that the effectiveness of energy audit schemes is rather mixed. Some studies find some energy savings due to energy audits, but others show no impact or even an increase in energy usage [67] . Smart meters and other advanced online monitoring systems present a good opportunity to increase feedback to consumers, since they can provide persistent and real-time information. Building-monitoring systems [67] or the installation of metering devices which track "voluntary" energy consumption for electricity, heating, cooling, and domestic hot water of individual households necessary for energy cost distribution among apartments is a good example of a feedback program. However, the impact of feedback programs on an occupant's decision to renovate is limited by other barriers to multi-flat building renovation.
Taxes on energy or CO 2 that raise the cost of energy send price signals to households to implement more energy efficient and advanced technologies or behavioral innovations. Some EU member states with high energy efficiency standards, such as Germany [39] and Denmark [62] and corresponding high environmental and energy taxes, have populations that are very conscious of saving energy. However, in post-soviet countries, where the taxes on energy are significantly lower because of lower income levels, the taxes do not stimulate renovation. Moreover, low-income households in post-soviet countries receive VAT reductions for district heat, which further discourages renovation.
Financial incentives such as supplier obligations, tax incentives, grants, soft loans, and feed-in tariffs force consumers to implement measures by lowering the cost faced by households; however, their impact on flat-owners' decision making to renovate multi-flat apartment is not proved empirically. Energy Efficiency Obligations (EEO), Energy Supply Obligations (ESO), or Energy Company Obligations (ECO), which require energy suppliers or utilities to achieve energy efficiency improvements in buildings, have been used widely across Europe but have not necessarily delivered their targets [25] . EEOs, together with tradable white certificates, are being applied in the United Kingdom, Denmark, France, and Italy. There is a plan to implement EEOs in Poland; however, in general, ESOs are not popular in other post-soviet countries due to soviet legacies of district heat systems, as described above.
The implemented ECOs exhibit a wide diversity of design and different outcomes. The ECO model applied in the UK focuses on implementation of high-cost renovation measures such as wall insulation and is targeting low-income households via specific obligations (Carbon Saving, Carbon Saving Communities, and Affordable Warmth Obligations). The UK ECO was initiated in 2013 with the aim to reduce energy consumption and address fuel poverty. It was scheduled to continue until 2017. The ECO establishes the legal obligations for energy suppliers to implement energy efficiency improvements in the residential sector and operates together with the Green Deal. The idea of the Green Deal is to help low-income households renovate their apartments by creating an opportunity to pay renovation costs not upfront but placing them on utility energy bills. The empirical findings indicate that this scheme is not the best instrument to realize energy savings in existing buildings and is very expensive compared with the achieved energy savings [68] . In addition, this scheme does not overcome the barriers to common decision making in the renovation of multi-flat buildings whose residents have different characteristics. Therefore, ECO schemes need to be tailored according to their national context. Tax incentives such as rebates typically compensate consumers for some share of energy renovation costs. Like grants, tax incentives can be effective but are susceptible to free-riding. As rebates are usually paid back to the consumer after the work has been completed, they are often found to be taken up by higher-income households who can cover upfront costs. Similarly, a reduced rate of VAT of 5% in the UK and 9% in Lithuania applies to energy-saving products and also to residential energy use, providing more support to higher-income segments of the population that have large apartments and use more heat.
Measures to improve capital access, such as loan guarantees or low-cost loans and preferential mortgage rates, can facilitate large-scale renovation that has high upfront costs, and may be especially suited to low-income apartment owners who have limited access to capital. However, lack of financing is not the primary reason hampering large-scale renovation. Financing is needed just when the product is sold, so grants covering part of the cost of energy renovation usually are also required to accompany such loans.
Loan schemes are typically 'softened' by offering zero-or low-interest rates. These are often implemented through public-private partnerships, with the government guaranteeing financial support to the bank and requiring the financial institution to offer a preferential interest rate for the loans made to households for large-scale renovation. An alternative approach is for government to provide a guarantee which shares the credit risk with financial institutions, to scale-up private investments [69] .
The Green Deal scheme mentioned above was designed to defer upfront energy renovation costs. Implemented in 2013, it was hailed as a major regulatory innovation to achieve "a revolution in British property" and put "consumers back in control." A main feature of the Green Deal was its "golden rule", in which the achieved energy savings for a 25-year period must be greater than the cost of the investment [69] . The innovativeness of the support scheme for renovation of multi-flat buildings in the UK was a combination of loans and ESO intended to work together: where measures cost too much to meet the conditions for accessing Green Deal loans, it was expected that homeowners would 'blend in' contributions from energy suppliers through an ESO. The Department of Energy & Climate Change, which implemented this scheme, also expected suppliers to encourage consumers to pay partly for ESO measures using Green Deal financing to minimize their costs. Though the Department of Energy & Climate Change spent £240 million on the Green Deal, it did not generate additional energy savings because the scheme did not persuade enough people to implement large-scale energy renovations and was deemed by State Audit to have not been of value for the money [59] . In addition, though capital costs can be covered by the Green Deal through pay-as-you-save schemes, the Green Deal and similar schemes have other drawbacks such as lack or asymmetry of information and low access to funds [70] .
Therefore, pay-as-you-save schemes will not overcome barriers to energy renovation for low-income families because such consumers would have to divert a significant fraction of the energy savings to repay the cost of the retrofit in their utility bills.
Minimum performance standards or building codes are widely used to regulate the standards to which buildings, appliances, or boilers must comply. These take the least-efficient products off the market, reframing consumers' choices. Many countries also use standards at the point of renovation, for example Denmark, Sweden, and Germany. There is no clear evidence for the effectiveness of these policies to date [70] .
All analyzed measures do not provide effective results regarding the renovation of multi-flat buildings because the main barriers are not being properly addressed by these schemes. If programs are transparent and sufficiently simple from a household's perspective, then they are more likely to achieve their intended impacts. However, there is no one-size-fits-all policy for energy renovation due to over-complexity of the barriers and problems linked to specific countries. Therefore, the specific scheme should be elaborated by taking into account the need to target different stakeholders in the energy renovation process. It is necessary to consider the consumer journey and provide a streamlined application process.
Attracting consumer trust is also important in making sustained progress in energy renovation. The trusted intermediaries to make energy renovation programs well aligned and to manage their implementation are very important. Many countries have a designated energy agency that performs this function. There is also a need for a skilled energy renovation service supply chain. Germany, for example, has developed an energy renovation supply chain of trusted, highly qualified engineers [70] .
The delivery method for these schemes can increase consumer trust. Targeting schemes at specific geographical areas, such as neighborhoods, can improve take-up, by engaging with wide social networks that spread the message and recommendations between trusted parties (friends, family members, community members, and neighbors). The use of organizations with which consumers already have a relationship can help with trust and facilitate delivery [69] .
Communication and marketing skills are important in making the policy measures work. Communication will provide the best results when it conveys a direct and simple message to the target group by applying a streamlined approach across all policies and schemes to support energy renovation [64] . In addition, the effectiveness of a policy is stronger if it is combined and harmonized with other policies targeting the same issues, but redundancies and overlapping of policies can lead to inefficient allocation of resources [66] .
Other policies to encourage installation of microgeneration renewable technologies such as the fed-in-tariffs (FIT) are also linked to renovation of multi-flat buildings [24] .
In Table 2 the policies and measures to promote renovation of multi-flat buildings are systematized and evaluated. These measures do not provide good results and may not work out well in the future as costs of renovating to high standards will rise exponentially and the amount of additional energy savings will rise only modestly.
Germany
Market based instruments such as White Certificates or Energy Performance Certificates
White certificates or Energy Performance Certificates are a mandatory requirement for all dwellings sold or rented in the region but have had little impact on decision making or price negotiation so far in adopted countries. These measures also do not address the organizational barriers of decision making on energy renovation of multi-flat buildings
England and Wales
Fiscal measures: CO 2 and energy taxes
High energy taxes applied in Germany and Sweden have impact on energy saving behavior of households however there are no countries having fully internalized external costs of energy production
Germany, Sweden
Financial measures: Programs that provide subsidies and soft loans for energy renovation
The effectiveness of these programs is low due to free-riders, i.e., house owners receiving the subsidy which would also have renovated without the subsidy their apartments. In UK Great
Deal programme was implemented together with ESCO.
Germany, UK, France
Policy packages which seek to address multiple financial barriers at the same time Such policies are likely to be quite effective however there are no results about their effectiveness so far.
EU, USA, Japan
Source: created by authors.
However, it is necessary to stress that the problems linked to energy poverty and difficulties of different income-level owner-occupants in reaching a collective decision on renovation cannot be solved by the policies and measures described above. There are additional measures to support low-income households living in energy poverty which are also ineffective and cannot deal with the energy-gap problem. Support by paying the energy bills of the low-income segment can lock households into fuel poverty by removing incentives to make investments in energy renovation. Also, the income saved may be spent by households on other goods instead of investing in energy efficiency [28, 70] . There are other measures to help low-income households and tackle energy poverty by reducing high district heat costs such as the reduced VAT payable on district heat. However, there are many arguments against these as they can be treated as environmentally harmful subsidies and also because of their limited coverage, high administration costs, and use by higher-income households with large apartments and consequently higher energy consumption. All these measures distort markets and divert financial resources away from long-term solutions such as large-scale energy renovation of multi-flat buildings [28, 70] .
A new conceptual framework is necessary to address the energy poverty problem and especially the linked problems of collective decision making while taking into account differences among apartment owners in terms of household size, age, habits, income, education, knowledge, etc. Innovative policies and measures should be developed by considering the weaknesses of current measures to address fuel poverty, especially of the aging population.
It is necessary to describe the meaning of "innovation" in this context. In most cases, "innovation" is used to define new technology or new products. Here, the term innovation is used to include novelty in several domains: product innovations, innovative practices (specific ways of doing specific tasks), and process innovations (how implementation of the support scheme is organized). Without innovation in these three domains, well-established products and services linked to large-scale energy renovation may have very little penetration into the market because they are not covered by the mainstream practices and processes of the existing energy renovation industry, and thus would fail to overcome the technical, financial, economic, and behavioral barriers preventing the take-up of large-scale energy renovation options for obsolete multi-flat buildings.
It is also necessary to stress that all existing instruments do not adequately address such important organizational barriers as the complications of different flat-owners in making a common decision on renovation of multi-flat buildings due to their conflicting interests and different demographics. These problems and barriers are even more severe in the context of energy poverty and aging society in post-soviet, cold-climate countries, as noted above (e.g., reliance of low-income households on district heating without other fuel options). Large-scale renovation of these buildings is hampered by other barriers, such as access to capital, which are not well addressed by policy instruments in post-soviet countries. In addition, these policies and measures will not work in the future either, as the costs of retrofitting to higher standards rise exponentially accompanied by only incremental energy savings.
A New Conceptual Framework for Developing Innovative Policies and Measures to Promote Renovation of Multi-Flat Buildings
Energy affordability is an important issue and various schemes can be applied to guarantee energy supply to the low-income segment of the population. In the pricing of energy and other utilities such as water and heat, communication services etc., there is frequently a conflict between the goals of efficiency and those of equity. Efficiency dictates that the prices should be set at the level of the long-run marginal cost of supply and all consumers for whom this long-run marginal cost (LRMC) is the same should pay the same price. Equity, on the other hand, demands that prices should somehow be related to affordability; hence the poor should pay less per unit of services than the rich. This conflict is not new in the policy field and is something many countries have wrestled with. Even the more industrialized nations such as EU member states or the USA provide some relief to poor households to cover their utilities costs. In developing countries, a common practice is to have block tariffs, with the lowest block having a very low price and each additional block having a higher price. Such tariffs are called life-line tariffs. These are very popular in developing countries and many of them have rates with one or more blocks.
The welfare costs of our proposed scheme are provided in Figure 2 which assumes two block rates, with the higher rate being set so that the utility recovers the full cost of the service. There are two categories of consumers: "poor" and "rich". With the price of energy equal to the LRMC, poor households consume q po and rich households q ro . The solution is efficient in the sense that consumer surplus is maximized and no households can be made better off without some other households being made worse off. In economic terminology the solution is 'Pareto efficient'. This Pareto efficient solution may be unsatisfactory for two reasons. First the share of income spent on energy by poor households may be too high, leaving them without enough money for other necessities. Second, the amount of energy they consume (q po ) may be considered insufficient for their social needs [71] .
The analysis of lifeline rates can be carried out as follows. In Figure 2 , suppose that the socially desired consumption for poor households is q p * . At the same time the utility must cover the costs of provision of the energy. This may be achieved by 1.
having a lifeline rate of P 1 for consumption up to q p * ; 2.
setting tariffs at level P 2 for consumption above q p * .
The welfare losses associated with these changes are shown as the two shaded areas, viz.:
Of course, the tariff has to be designed so that the revenue is equal to the cost of supply:
The design of the tariff may be further complicated by the need to keep overall expenditure for poor households below a certain level:
where Y p is the income of the poor households and α is the declared acceptable share of energy expenditure. The design problem may therefore be stated as follows: Select P 1 , P 2 such as to minimize (1) subject to (2) and (3). Furthermore, without doing the analysis with quantitative data, it is not possible to say precisely what the welfare costs of the scheme will be. Nevertheless, there is some indication that these costs will be moderate. The main reason for this view is that consumer surplus gains and losses to different groups are not of equal value in welfare terms. In this scheme, the poor gain consumer surplus and the rich lose consumer surplus (the utility is left neutral). If a dollar of loss to the rich is valued less than a dollar of gain to the poor, then the net cost could be quite small [71] .
The life-line approach can be applied for implementation of large-scale retrofitting schemes which are too expensive for low-income segments of the population, especially in post-soviet countries. As detailed above, many urban districts with the lowest energy-efficient buildings and the highest heating consumption overlap with low-income and older households, creating problems of energy poverty and barriers to renovation of multi-flat buildings.
The issues relating to the willingness of households to participate in such schemes are very important to develop effective retrofitting schemes and ensure mass participation in different districts and across different socio-economic and age groups of the population [72, 73] . In addition, implementation of the renovation process of a multi-flat building is a complicated process causing inconvenience and disruption and requiring considerable logistical and organizational skills. Therefore, the important gaps in implementing energy efficiency improvements in multi-flat buildings are linked to bounded rationality of flat owners, to organizational problems and high transaction costs. However, the biggest problem relates to the difficulties of owner-occupants in the same multi-flat building reaching a collective decision due to varying, often conflicting, household demographics [74, 75] .
The most important thing is to ensure that one actor takes the main responsibility of all the energy renovation needs for a multi-flat building. The ESO model can be applied for dealing with organizational issues of renovation of multi-flat buildings. An ESO offers energy services to households such as energy supply, installation of energy-efficient equipment, refurbishment of buildings, maintenance and operation, including facility management [76] . The ESO also assumes the technical risks of the necessary investment in energy renovation and receives financial benefits from that risk taking. The main revenues of an ESO business model are linked to the achieved reduction of either energy costs or energy consumption. Therefore, large-scale renovation of multi-flat buildings can also be classified as an energy service business [76] [77] [78] . A service business can be included in the modified ESO model for post-soviet countries, which do not yet have any experience with the ESO model in the residential sector. The modified ESO services can include all the energy renovation work necessary for multi-flat buildings, e.g., engineering, financing, product supply and installation, ensuring all permits, collection of agreements from the flat owners, and arranging the financial guarantees for the energy renovation period. Other services can be included in the ESO model such as energy auditing, consulting, metering, operation and maintenance after the energy renovation of the multi-flat building.
In large-scale energy renovations, financing is one of the main issues to be resolved. The ESO should at least define and select the financing institution and negotiate the contracts with it. The major problem of applying an ESO to the residential sector is in confronting the common decision-making of flat owners in a multi-flat building. While laws demand that a majority of flat owners agree, the collecting of household assent and signatures can require considerable effort on the ESO side. This problem can be mitigated by applying an on-bill financing system as it can be implemented more easily.
On-bill tariffs are a scheme for charging apartment owners for large-scale energy renovations of multi-flat buildings as a service by the utility [76] . The energy renovation will allow a lower overall utility bill due to the energy savings achieved [77] . This model was developed to target a single-family household [77] but it could be easily extended to multi-flat buildings. There are examples of such schemes implemented in the United States for multi-flat buildings [79] . The power utility can involve additional partners to ensure financing of large-scale energy renovation, such as government bodies or financial institutions [80] . Such programs can be successful when they are straightforward and the contractors are able to collect payment for their services quickly [76, 81] .
Therefore, regional and state authorities can require utilities in the district heat sector to implement ambitious energy efficiency improvements in residential multi-flat buildings and ensure the financial viability of large-scale renovations by developing appropriate district heat tariffs. [82, 83] . Such district heat tariffs have to cover the costs of heat production, supply and distribution, and the massive need for modernization of multi-flat buildings in district heat supply networks. This on-bill financing business model can be suitable for post-soviet countries in view of the trapped energy poverty issues described above; however, these tariffs would dramatically increase customer payments for heat, though they are very high even now.
The problem of high tariffs can be addressed by life-line rates which would allow equity issues to be addressed. Of course, comprehensive studies are necessary to assess the willingness of different household groups to pay for renovation services in the ESO business model and for on-bill tariffs. The utility company in both cases would be the central organization in this retrofitting scheme [81] .
"Middle actors" in the energy renovation industry should also be considered. The renovation of multi-flat buildings is mainly the preserve of small and medium-sized enterprises in all countries, which include construction workers, builders, plumbers, heating and electricity engineers, architects and designers, project managers etc. It can be argued that measures aimed at the energy renovation market will impact the entire value chain and could be very effective in scaling up energy renovation activities nationwide. If employers in energy renovation industries are trained and motivated to save energy, then this knowledge would be present and applied during renovation of residential buildings. These energy renovation market participants are called "intermediaries" in the innovative technologies and products adoption process, and as such are expected to be engaged in retrofitting services if their clients such as energy utilities demand it and even more if it is mandated by law.
Conclusions and Policy Implications
There are many barriers preventing energy renovation of multi-flat buildings though improved energy efficiency: lack of access to capital by apartment owners and government; lack of knowledge of large-scale renovation issues; split initiatives; difficulties of owner-occupants in reaching a collective decision due to different ages, incomes, and sizes of households in the same multi-flat buildings. These barriers are increasingly becoming more difficult to overcome due to increasing fuel poverty of aging, shrinking populations in cities of post-soviet countries.
Both top-down and bottom-up strategies to promote renovation of multi-flat buildings are necessary. The development of new instrument packages and policy reforms targeted specifically at owner-occupied multifamily buildings is an urgent priority if Europe is to meet its 20-20-20 targets. The current top-down strategies initiated by governments can support and stimulate investments in renovation of multi-flat buildings with tax credits, grants etc., but available public funds can provide only a small share of the necessary investment and are not enough to create initiatives for renovation.
Therefore, it is necessary to elaborate targeted, well-balanced and attractive innovative schemes in order to stimulate the market. The provision of a structured and moderated decision process and tailored financial services provided by one principal actor who organizes all the renovation needs could facilitate the process of renovation of multifamily buildings from the bottom up.
Other innovative practices and processes are linked to "middle actors" in the energy renovation industry. There are important middle-out factors, especially in the energy renovation supply chain, that affect all stakeholders in the energy renovation process, including the upstream policy makers and the downstream consumers. Therefore, energy renovation professionals in the building sector can affect the outcomes of upstream (new policies and schemes), downstream (ESO, on-bill financing by utilities etc.), and lateral (new participants, new skills and new business models in the energy renovation supply chain) actions. This "middle-out" approach as a complement to "top-down" and "bottom-up" strategies should be taken into account to achieve better results in energy renovation as it circumvents many interlinked and self-enforcing barriers.
Legal and regulatory instruments could provide additional requirements for minimum reserve funds for multi-flat building renovation based on the thermal quality of the buildings. However, the most important issue is to solve the problem of collective decision making, taking into account the different demographics of apartment owners.
The ECO model or on-bill financing models can be modified and applied to renovation of multi-flat buildings, based on the UK example. Higher payments for utility bills can be shared among households living in multi-flat buildings that require renovation. As in the case of subsidies for electricity, water, and other communal services, life-line tariffs can be applied to pay for ECO services. This enables sharing the costs of renovation among apartment owners having different incomes and addresses the principle of social justice.
The proposed new scheme based on life-line tariffs for renovation was not empirically tested. For implementation of this scheme, it is necessary to assess the willingness of apartment owners to pay for retrofits of multi-flat buildings and to share costs based on income and such other important attributes as financial support from the government, level of improved energy efficiency after renovation, reduced maintenance costs, better thermal comfort etc.
For this reason, the future research will entail assessing the willingness of households to pay for renovation of multi-flat buildings in a selected post-socialist country (Lithuania) and, based on this assessment, developing a proposal for life-line tariffs for renovation via an ECO or utility according to the on-bill financing model. The best business model for Lithuanian conditions will be selected and necessary modifications will be proposed.
